In the search for the best possible solution to a particular formulation problem, methodologies have been developed for structuring typical pharmaceutical development work into a framework, whereby sophisticated mathematical techniques could be employed to arrive at an optimal solution. One of the methods is factorial experimental design, which permits evaluation of factor effects and factor interactions and gives quantitative estimates of responses. This type of analysis has been employed by various workers (1-5) and has been shown to be relevant to formulation and assessment of pharmaceutical systems.
A 2 3 factorial experimental design has been used to quantitatively study individual and interaction effects of the nature of binder (N), binder concentration (c) and relative density of tablet (d) on the disintegration time (DT) and dissolution times, t 1 , t 50 and t 90 , of paracetamol tablet formulations. The factorial design was also used to study the quantitative effects of pregelatinization of starch binders on these parameters, i.e., N, c and d. In general, the most common ranking of the individual effects on DT, t 1 , t 50 and t 90 for native/native, pregelatinized/pregelatinized and native/pregelatinized starch binder formulations was c > d > N. For interaction effects, the most common ranking was N-c > c-d > N-d for all formulations. The results generally showed that c can considerably affect DT, t 1 , t 50 and t 90 of the tablets.
Keywords: pregelatinization, starch, sorghum, plantain, disintegration, dissolution starches) of the pregelatinized form of the two starches are higher (10) . It has also been revealed that pregelatinization of the starches affected their abilities as binders and disintegrants (5, 11, 12) Disintegration of tablets has been reported to influence the dissolution process, since it assists in increasing the area of contact between the solid and liquid (3) . Hence, this paper reports the results of a 2 3 factorial experimental design carried out to study and compare the quantitative effects of the nature of starch binding agent (N), concentration of starch binding agent (c) and relative density of paracetamol tablets (d) on disintegration time, DT, and dissolution parameters t 1, t 50 and t 90 , [t 1 is the time required for breakup of the tablets into fragments (13) , while t 50 and t 90 are the times for 50% and 90% of the paracetamol to be released, respectively], to determine the effects that pregelatinization of the starches would have on their quantitative effects and, to evaluate the effect of different types of starches on the release property of paracetamol tablets. Corn starch BP and its pregelatinized form was used as reference standard.
EXPERIMENTAL

Materials
The materials used were paracetamol BP and corn starch BP (14) (BDH Chemicals Ltd, UK), lactose BP (AB Knight and Co, London, UK, sorghum (Sorghum bicolor L.) and plantain (Musa paradisiaca L.) starches prepared in our laboratory. The pregelatinized forms of the three starches were also prepared in our laboratory.
Preparation of native and pregelatinized starches
Sorghum and plantain starches were prepared according to the established procedure (15) . Fully pregelatinized forms of the two starches and of the official corn starch BP were prepared as described earlier (16, 17) . Aqueous slurry of each starch was made with 100 g of starch powder in 100 mL of deionized water and then heated at 55°C under stirring for 10 min. The resultant paste was crisp-dried in a hot air oven (Gallenkamp, Model OV-335, Vindon Scientific Ltd, UK) at 60°C for 48 h. The dried mass was powdered in a laboratory mill (Christy and Norris Ltd, UK). All starches were passed through a number 120 mesh sieve (125 mm) before use.
Preparation of granules
Batches (300 g) of a basic formulation of paracetamol (85% m/m), corn starch (7% m/m) and lactose (8% m/m) were dry-mixed for 5 min in a Hobart planetary mixer (model N-50, Hobart Manufacturing Co., UK) and then moistened with appropriate amounts of the starch mucilage used to produce samples containing different concentrations of the starch binders. Massing was continued for 5 min and the wet masses were granulated by passing them manually through a number 12-mesh sieve (1400 mm). The granules were dried in a hot air oven for 24 h at 60°C and then resieved through a number 16-mesh (1000 mm). The loading efficiency of paracetamol in the granules was then determined by spectrophotometric assay of paracetamol at 249 nm and was found to be higher than 95%. The moisture content of the formulation as determined with an Ohaus moisture balance Ohaus scale corporation, USA) was between 1.0 and 2.0 %, m/m. Particle densities were determined by the pycnometer method with benzene as the displacement fluid.
Preparation of tablets
Quantities (550 mg) of 500-1000-mm size fractions of the granules formulations were compressed for 1 min into tablets with predetermined loads (95.95-159.92 MPa) using a Carver hydraulic hand press (Model C, Carver Inc., USA). Before each compression, the die (12.5 mm diameter) and the flat faced punches were lubricated with a 2% (m/m) dispersion of magnesium stearate in benzene. After ejection, the tablets were stored over silica gel for 24 h to allow for elastic recovery and hardening, and prevent falsely low yield values. Their masses, m, and dimensions were then determined to within ± 1 mg and 0.01 mm, respectively, and their relative densities, d, were calculated using the equation:
where V t is the volume (cm 3 ) of the tablet and r s is the particle density (g cm -3 ) of the solid material.
Disintegration test
The disintegration time, DT, of the tablets was determined in distilled water at 37 ± 0.5°C using a BP Manesty disintegration test unit (Manesty Machines Ltd., UK). Tablets were placed on the wire mesh just above the surface of the distilled water in the tube and the apparatus was started simultaneously with a stop clock. The time taken for each tablet to disintegrate and all the granules to go through the wire mesh was recorded. Determinations were made in triplicate.
Dissolution test
The dissolution rate of the tablets was determined at 37 ± 0.5°C in 1 liter of 0.1 mol L -1 HCl using an Erweka dissolution rate apparatus (Erweka, Germany) and a stirring speed of 100 revolutions per minute according to USP 24 (18) . The tablet was placed in the rotating basket and 5 mL of the medium was sampled with a pipette and filtered. The same quantity of the medium was added at the same temperature immediately after each sampling to keep the volume of the dissolution medium constant. The concentration of dissolved paracetamol in the medium was determined spectrophotometrically at 249 nm with a Unicam 8620 UV/visible spectrophotometer (Pye Unicam, UK). All determinations were made in triplicate or more and the results are given as average values.
Experimental design
To study the effect of the nature of starch as a binding agent, its concentration and relative density of the tablet on disintegration and dissolution times of paracetamol tablets, experiments were performed in a factorial design that involved the application of simple statistics (1) (2) (3) (4) (5) . In this factorial design, formulations were only mathematically combined. The basis of the experimental design was that each of the three variables was utilized at a »high« level (denoted by subscript H) and a »low« level (denoted by subscript L). The number of experiments in the design was 2 3 , i.e., 8.
Using the above nomenclature, the various combinations between the variables used in the design were:
where N L nature of starch binding agent (native sorghum starch, native plantain starch, pregelatinized starch -if used in combination with a native starch formulation) and N H nature of starch binding agent (native plantain starch, native corn starch, native sorghum starch). Native plantain starch represents low level only when in combination with native corn starch, while native sorghum starch represents high level only when in combination with pregelatinized sorghum starch. The choice of N L or N H was based on results and our experience with the starches (10, 19) . By grouping the results from the combinations into a number of sets, it was possible to assess the effects that each of the three variables separately had on the disintegration and dissolution times of the tablets and determine whether the variables were interacting or acting independently of each other.
The effects of increasing N, from its »low« level to its »high« level, on the disintegration time and dissolution parameters were found by summing up all the disintegration or dissolution time results of samples containing »high« levels of N and subtracting the sum of the results of samples containing »low« levels of N. That is:
The effects of the concentration of binding agent, c, and relative density of binding agent, d, were calculated similarly.
To determine whether there was any interaction between any two variables, the results of the combinations in which they appeared together at either »high« or »low« levels were summed up and the sum of other combinations was subtracted to obtain the interaction coefficient. For example, for N and c, we have:
A zero result indicates no interaction, but if the interaction coefficient was significantly removed from zero, then the two variables concerned were interacting with each other. The extent of removal from zero is a measure of the magnitude of interaction (1) (2) (3) (4) (5) . All measurements were made in triplicate and the results given are the mean values. These results were subjected to the analysis of variance (ANOVA).
RESULTS AND DISCUSSION Table 1 shows the values of disintegration and dissolution times of paracetamol tablets for the different combinations. The values were used to calculate the independent and interaction coefficient values (i.e., factor effects and factor interactions) using the relevant expressions as presented in Tables II and III . There were both positive and negative influences on the disintegration and dissolution properties of the tablets. Positive influence indicates that a particular parameter has increased while negative influence indicates that the value of the parameter has decreased. The choice of N L or N H was based on the results presented by previous workers and our experience with the starches (10, 19) .
Individual effects
This involves the effect that the concentration of starch binder (c), nature of starch binder (N) and relative density of tablet (d) would have on the disintegration and dissolution parameters of paracetamol tablets. Rankings of the individual effects of the variables are shown in Table IV .
In considering native/native starch combinations, no common ranking (Table IV) of the individual effects of the variables on DT was observed although d seems to have a higher effect. On t 50 it was d > c > N, on t 90 was N > c > d and on t 1 c > d > N. The greater effect that d had on DT could be due to the fact that an increase in d will reduce the rate of penetration of liquid into the interior of the tablets, the specific surface area of the particles, since more particles will come together and bind, and the pore space in which starch particles can swell when wetted by water before disrupting the tablets (20) . For t 50 , t 90 , and t 1 , the effect that c had could be due to the fact that a tablet needs to disintegrate into granules before deaggregating to fine particles. The deaggregation process involves removal of the binder layer around the particles and this depends on the amount of binder coating the particles. The higher the binder concentration, the slower the removal since higher concentration would lead to more binding. Native sorghum and plantain starches Native sorghum and corn starches Pregelatinized sorghum and corn starches Native and pregelatinized sorghum starches gelatinized starch binders, are cold water swellable (7) . This swellability would undermine the effects of d on the tablets. Concentration had a greater effect because a higher concentration of binder will lead to the formation of additional bonds due to the increase in the area of contact between particles when binders are forced into interparticular spaces. For t 50 and t 1 , the effect of c could be due to the reason given above for native/native starch combinations.
For native/pregelatinized starch combinations, the most common ranking of the individual effects of the variables on DT, t 50 and t 1 was c > d > N while no specific ranking was observed for t 90 . The ranking obtained for DT and the greater effect that c had could be due to the reason given above for native/native starch combinations. The higher effect of N over d was expected since pregelatinized starches are cold water-swellable and have a higher swelling capacity (10, 19) , which would assist in decreasing the dissolution times whereas for native starches, a lower swelling capacity was observed which would make the dissolution time higher, as seen in Table IV . The swellability of pregelatinized starches would undermine the effect that d would have on the penetration rate of water into the tablets.
From Table II , it can be seen that nearly all the individual effects were positive apart from a few cases of N for plantain/corn starches, which were negative. The positiveness of the individual effects indicates that increasing the variables (c, d , N) from a low level to a high level would lead to an increase in the disintegration and dissolution times. The magnitude of the individual effects observed on the different native starch combinations, pregelatinized starch combinations and native/pregelatinized starch combinations point to the fact that the formulator needs to carefully choose the binders that will enable the production of tablets with good disintegration and dissolution properties. The individual effects obtained for native/pregelatinized and pregelatinized/pregelatinized starch combinations showed a general ranking of c > d > N, while for native/native starch combinations, a common ranking of d > c > N was obtained along with c > d > N. This observation could be due to the effect that pregelatinization would have on the swelling of the starches, which would probably undermine the effect of d on the tablets. This suggests that the form of a starch binder would have considerable influence on the effect that the relative density of a tablet has on the disintegration/dissolution parameters. 
